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Abstract 
In this paper, aiming at the quantitative evaluation of the ecological protection model of 
Saihanba Mechanical Forest Farm on the environment, according to the different 
situations in different regions, the value brought by Saihanba was quantitatively 
obtained through the ecological environment evaluation model based on emergy 
conversion theory and environmental sensitivity. 
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1. Problem Background 

From 1962 to now in Saihanba, China, generations of people have come here to dedicate themselves. 
Set up this green windbreak wall. Expand the green planting area of 1.12 million mu and plant more 
than 400 million trees. At present, the forest coverage rate in this region has reached 80%. It provides 
137 million cubic meters of clean water, 747,000 tons of carbon sequestration and 545,000 tons of 
oxygen release for Beijing and Tianjin every year. 

(1) Comparing the ecological situation before and after the restoration of Saihan Dam, establishing 
the evaluation model of Sai Han Dam's impact on the ecological environment to quantitatively 
evaluate the impact of the restored Saihan Dam on the environment. 

(2) If we want to promote this ecological protection model nationwide, please establish a 
mathematical model to determine where China should build ecological protection areas. 

2. Problem Analysis 

To quantitatively evaluate the environmental impact of Saihanba after restoration, in order to describe 
the problem more clearly and accurately, we adopted the emergy conversion method to quantitatively 
analyze the qualitative problem, and used the solar energy value and emergy conversion rate to 
convert the ecological value into monetary value. 



International Core Journal of Engineering Volume 8 Issue 2, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202202_8(2).0081

 

623 

3. Model Assumptions 

The litter in each unit area in Saihanba area is the same; Coniferous forest, broad-leaved forest and 
mixed forest are distinct and the area calculation is accurate; Bioenergy can be transformed into 
monetary benefits. 

4. Establishment and Solution of the Model 

4.1 Analysis and Solution of Question 1 

4.1.1 Establishment of Emergy Theoretical Model of Ecosystem 

The theoretical model of ecological emergy is based on solar energy as the basic unit of value 
measurement, and it is supported by energy science, ecological environment science, ecological value 
science and so on. According to the references and the economic and energy situation of Saihanba-
related areas. The emergy currency ratio adopted in this paper is 2.76 * 1012 sej/RMB (solar 
joule/yuan)[1]. 

At present, various basic data of Saihanba have been collected, and relevant three-level indicators 
have been established for evaluation: 

 

Table 1. Three-level related indicators 

Primary index Secondary index Three-level index 

Function 
evaluation 

Organic matter production and raw material 
value 

Production value of organic 
matter 

Raw material value 

Water conservation value Water conservation value 

Clean air value 

Absorbed SO2 value 

Dust retention value 

Carbon fixation and oxygen 
release 

Maintain soil value Holding soil value 

Cultural service value Cultural service value 

 

1) Organic matter production and raw material value 

The main ecosystems in Saihanba production area are divided into broad-leaved forest, coniferous 
forest and mixed coniferous and broad-leaved forest. Multiply each area by the litter per unit area, 
and then multiply it by its corresponding energy conversion rate to obtain the production value of 
organic matter. 

Value of raw materials: calculate the accumulated amount of trees, grasslands, and other ecological 
environments in this area, and multiply it by the corresponding productivity value. 

2) Value of water conservation 

The model uses the water balance method to calculate the total amount of water conservation from 
Saihanba ecosystem every year. 

3) The value of air purification 
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In this article, we will analyze the value of clean air from three aspects. Among them, it is the value 
of absorbing sulfur dioxide, dust retention and carbon fixation and oxygen release[2]. 

4) the value of sulfur dioxide absorption 

According to the index of sulfur dioxide in local air and the absorption capacity of broad-leaved forest 
and coniferous forest to sulfur dioxide, it is stipulated that the average absorption capacity of broad-
leaved forest to sulfur dioxide is 88.75 kg·hm-2·a-1, the average absorption capacity of coniferous 
forest pair is 215.60kg·hm-2·a-1, and the average absorption capacity of mixed coniferous and broad-
leaved forest is 152.17 kg·hm-2·a-1. 

5) Dust retention value 

According to the reference, the dust retention capacity of broad-leaved forest is 33t·hm-2·a-1, that of 
coniferous forest is 10.11t hm-2.a-1 and that of mixed coniferous and broad-leaved forest is 
21.55t·hm-2·a-1. 

6) Value of carbon fixation and oxygen release 

According to the relevant data, the amount of carbon dioxide fixed and oxygen released in the 
specified area every year is as follows: 

 

𝑆 =  1. 63 × (   ∑ 𝑣 𝑘 𝑟 )                          (1) 

 

 𝑆 =  1. 19 ×  (   ∑ 𝑣 𝑘 𝑟 )                          (2) 

 

Type: Sco2-sum of CO2 fixed amount. 

So2-O2 emission. 

Vi-Total volume of each forest type. 

Ri-Annual growth rate of stock volume of various forest types. 

Ki-The conversion coefficient between the volume of each forest type and the biomass of the whole 
tree. 

7) Maintain soil value. 

Maintaining the value of forest soil means the economic value of forest to reduce the loss of land 
erosion and the opportunity value of soil abandonment. According to the existing research methods, 
this paper uses the difference between the potential erosion amount and the actual erosion amount to 
calculate the retained soil value. 

8) Value of cultural and educational services 

The service value of culture includes many kinds, such as photography, art, scientific research and so 
on. Search the keyword "Saihanba" in HowNet, and select the annual average number of pages 
published from 2000 to 2020 to evaluate. 

Research (sej)= number of papers per year * emergy conversion rate (sej/ page) 

Total value provided by Saihanba Machinery Forest Farm for ecological environment: 

 

）（ GSSKCNYYvalueTotal OCO 
2221

121076.2              (3) 

 

4.1.2 Model solving 

According to the above model, we finally substitute the data into the formula and get the following 
results: 

 



International Core Journal of Engineering Volume 8 Issue 2, 2022
ISSN: 2414-1895 DOI: 10.6919/ICJE.202202_8(2).0081

 

625 

Table 2. Emergy monetary value and proportion 

project Percentage of total value Emergy monetary value 

Organic matter production and raw material value 11.94% 3.32 X109 

Water conservation value 2.71% 0.756 X109 

Carbon absorption and oxygen release 22.70% 6.31 X109 

purify air 8.85% 2.46 X109 

Dust retention value 18.67% 5.19 X109 

Maintain soil value 21.76% 6.05 X109 

Cultural value 13.34% 3.71 X109 

 

It can be seen that the economic benefits brought by Saihanba ecosystem are enormous. In the present 
research, the method of value evaluation is constantly improving to improve more scientifically. 

4.2 Problem 2 Model Establishment and Solution 

In order to extend Saihanba model to the whole country and collect relevant indicators of various 
provinces, in which natural and human factors are selected to evaluate the ecological environment of 
this region, the correlation between the seven indicators and the per capita GDP of the sample data 
region is analyzed by grey correlation method, and the sensitivity evaluation function of ecosystem 
is established with the correlation as the weight[1]. 

4.2.1 Model Establishment 

1) Ecological impact factors 

Natural disasters directly lose the economy: because the ability to resist natural disasters is poor if the 
ecological environment is poor. For the ecological environment, the frequency and impact of natural 
disasters can greatly reflect the ecological environment of the area. 

Area of nature reserve: The area of nature reserve is the current forest situation in this province, which 
can better reflect the current situation. 

Grassland insect damage area: this reverse index can reduce the positive influence of nature reserves, 
so we chose this index[4]. 

2) Artificial influencing factors 

Total wastewater discharge: wastewater discharge needs to be purified by local forest. So we chose 
this indicator. 

Total Afforestation Area: The larger the total afforestation area of a region, the greater the region's 
ability to resist natural disasters. 

Sulfur dioxide emissions and private car ownership: forests are the main body of absorbing sulfur 
dioxide and air waste to improve air. The emission of sulfur dioxide and the increase of private car 
ownership will increase the pressure on the ecological environment in this area. 

 

77665544332211 xaxaxaxaxaxaxascore 
 

4.2.2 Determination of Function Weight by Grey Correlation Method 

The main task of grey system theory modeling is to fully develop and utilize the explicit and implicit 
information in a few data according to the specific data of grey system behavior characteristics, and 
to find the mathematical relationship between factors or factors themselves[5]. 
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4.2.3 Threshold Function of Ecological Protection Zone Construction 

After obtaining the eco-environmental sensitivity score of the investigated area, it is necessary to 
judge whether the area needs to establish an ecological protection zone. Hebei Province, where 
Saihanba Machinery Forest Farm is located, is selected as the basis, and the average score from 2011 
to 2016 is taken as the reference value and 1.3 times of the average score is taken as the threshold to 
establish a judgment function: 

 

Heibeiscore1.3valueThreshold                          (4) 

4.2.4 Model Results and Analysis 

1) Results and analysis of grey relational grade weight 

Take per capita GDP as reference series, and the rest as comparison series. Among them, the area of 
nature reserves and the total afforestation area are positive indicators, that is, the larger the value, the 
better the per capita GDP, and the rest are negative indicators. 

 

7654321 49.077.076.071.078.083.077.0score xxxxxxx             (5) 

 

2) Scores of some provincial models 

Collect the index data of Shanxi, Fujian, Sichuan and Hebei provinces from 2011 to 2016 in China 
Statistical Yearbook, and normalize them based on the average value of each index province in China. 
The results brought into the evaluation function are shown in the table below. 

 

Table 3. Eco-environmental sensitivity score 

time 2016 2015 2014 2013 2012 2011 

Shanxi 4.52 5.71 5.81 6.38 5.93 6.24 

Fujian(Province) 12.92 9.21 10.98 9.18 9.31 8.85 

Sichuan(Province) 6.80 6.76 7.24 7.10 13.07 8.35 

Hebei 9.21 6.71 6.97 7.04 8.93 6.94 

 

The sensitivity scores of different regions at different times were graded. 

 

Table 4. Sensitivity rating table 

grade mark 

Extremely sensitive >10.0 

hypersensitive 7-10 

Moderate sensitivity 5-7 

Mild sensitivity 1-5 

 

According to the sensitivity evaluation table and score table, conclusions can be drawn: 

a. From 2011 to 2016, the ecological environment in Shanxi Province was mostly moderately 
sensitive, even slightly sensitive in 2016, which indicated that the ecological environment in Shanxi 
Province was generally good and natural disasters were not easy to occur. 
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b. The ecological environment in Fujian Province is highly sensitive from 2011 to 2016, especially 
in 2014 and 2016, which shows that the ecological environment in Fujian Province is fragile and 
prone to natural disasters. 

c. From 2011 to 2014, the sensitivity level of ecological environment in Sichuan Province was higher 
than that of high sensitivity, among which it reached extreme sensitivity in 2012, but its sensitivity 
level decreased to moderate sensitivity with the increase of ecological protection construction. 

d. From 2011 to 2016, the ecological environment of Hebei Province hovered between moderately 
sensitive and highly sensitive, among which Saihanba Machinery Forest Farm played an important 
role in environmental protection. 
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